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Soil Vapor Sampling Work Plan 
Boeing Tract, Hazelwood, Missouri 

1.0 Purpose and Objective 

March 7, 2005 

A Resource Conservation and Recovery Act (RCRA) Facility Investigation [(RFI) MACTEC, 2004] has 

recently been completed at the Boeing Tract 1 facility (Facility) located in Hazelwood, Missouri (Figure 

1-1). Soil borings, temporary piezometers and groundwater monitorilig wells were installed at the 

Facility as part of the RFI to characterize the nature of any hazardous waste/constituent releases to soil or 

groundwater. Soil and groundwater samples were collected and selectively analyzed for volatile organic 

compounds (VOCs), total petroleum hydrocarbons (TPH), semi-volatile organic compounds (SVOCs), 

polychlorinated byphenols (PCBs) and total metals. 

Following completion of the RFI, an assessment was conducted by Risk Assessment & Management 

Group Inc. (RAM Group) utilizing the RFI and other historical data and the Missouri Risk-Based 
Corrective Action (MRBCA) process. Based on this assessment, there was the potential for exceedence of 

acceptable risk at selected locations at the Facility (Risk-Based Corrective Action Report, Boeing Tract I, 
September 2004). · 

For risk assessment purposes the site was divided into exposure units (nine Areas and 18 Sub-areas) 

based on the current and future land use and activity patterns (Figure 1-1). The intent of the exposure 

units was to define portions of the Facility that are relatively homogeneous in terms of risk and exposure 

factors and to develop target levels for each expos~e unit consistent with the land use and/or other 

characteristics to the exposure condition of the Area. 

At nine exposure units the risk assessment indicated that there was a potential for exposure to total 
petroleum hydrocarbons (TPH) diesel range organics (DRO); and/or oil range organics (ORO) by indoor 

inhalation from groundwater by a non-residential worker. Sub-area (3C) additionally exceeded the risk, 

for total TPH by outdoor inhalation from groundwater by a construction worker. Because these 
exceedences are primarily attributed to the very conservative models used to estimate the indoor 

inhalation vapor intrusion risk, soil vapor sampling was recommended as a better estimator of indoor 

vapor intrusion risk. 

One of the nine exposure units that exceeded the risk for TPH is impacted as the result of off-site 
contamination; interim measures consisting of soil removal are planned at four others. Soil vapor 
sampling is proposed at the remaining four units (Risk Sub-areas 2B, 3C, 3G, and 6C). 

Soil vapor sampling is needed to determine actual constituents of concern (COCs) concentrations to better 

estimate potential vapor intrusion into buildings and associated health risk to the building occupants. 
The results of this evaluation may indicate the absence of unacceptable health risk due to vapor intrusion. 
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March 7, 2005 

Vapor samples will be analyzed for TPH and benzene, toluene, ethylbenzene, xylenes (BTEX), methyl 
tertiary-butyl ether (MTBE), and naphthalene. Additionally the vapor samples will be analyzed for the 
volatile COCs identified in the Risk Assessment for each Sub-area. Table 1-1 provides a listing of the 
COCs for each Sub-area. 

2.0 Soil Vapor Sampling 

2.1 Locations 

TPH soil vapor sampling locations were determined by selecting the RFI groundwater sampling locations 

that contained the highest TPH concentrations for each Sub-area where a risk exceedence was calculated. 

A total of 14 sampling points were selected for the collection of soil vapor samples. These sampling 

points represent the highest TPH concentrations for each Risk Sub-area. Summaries of the boring 

locations selected are presented below and are marked on Figures 2-1 through 2-4. 

Risk Area 2B: 

• TP-7 

• TP-9 

• TP-15 

• TP-16 

Risk Area 3C: 

• B42Wl 

• B42S5 

• B45S8· 

• B45S11 

Risk Area 3G: 

• Two locations in the vicinity ofB2S2 

Risk Area 6C: 

• Two locations in the vicinity ofB27E2 

• Two locations in the vicinity of B27I9 

2.2 Depth 

Soil vapor samples will be collected approximately one foot above the capillary fringe, with a minimum 

collection depth of three feet below ground surface. Groundwater depth will be determined by inspection 

2 
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of soil cores by the field geologist assisted by the measurement of groundwater at the nearest monitoring 

well to the sampling location. Historical groundwater depths for the nearest wells to the proposed 

sampling locations are presented in Table 2-1. 

2.3 Frequency 

The historical groundwater elevation data (Table 2-1) indicates that over a two year period the 

groundwater fluctuated 3 feet or less. Based on the constancy of the groundwater levels, soil vapor 

sampling will be a one time sampling event. The sampling event is proposed to occur in the late winter of 

2005. 

3.0 · SQil Gas Measurement Techniques 
r 

Soil vapor sampling will follow the St4ndard Operating Procedures (SOP) for Soil Vapor Grab Sampling 

Activities Using the Geoprobe® Post-Run Tubing (PRT) System With 6-Liter SUMMA® Canisters and 

National Institute for Occupational Safety and Health (NIOSH) Tubes (RAM, 2004a). Soil vapor 
' 

samples are collected in 6-Liter SUJ\.1MA® canisters and NIOSH tu~es utilizing Geoprobe® direct-push 

b~ring methodologies and the PRT system. The target soil vapor sampling depth will be determined prior 

to sampling at each location as determined in Section 2.3 of the SOP. Optional field measurements for 

biogenic gases, such as oxygen, carbon dioxide, and methane, may be collected from each sampling 

location using a handheld landfill gas meter. 

3.1 Preparation 

Prior to mobilization, MACTEC personnel will make all necessary preparations for the work. The 

preparations will include: 

• Determine equipment accessibility to each sampling location, 

• Coordinate schedule with subcontractors, property owner(s), regulatory agencies, and the 

laboratory, 

• Obtain all necessary field equipment and materials, and 

• Verify that all necessary field equipment and materials were received and are properly operating. 

Refer to Appendix A (Guide to Air Sampling and Analysis, Air Taxies Ltd.) Section 2.3.2 before 

mobilization. 
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3.2 Direct-Push Geoprobe® Boring and Post-Run Tubing (PRT) Soil Vapor Sampling 

This section describes the field methodology that will be utilized to collect the soil vapor samples. 

Because of site-specific conditions or obstacles, the sampling plan may be modified as needed, based on 

the professional judgment of the MACTEC field personnel. · 

MACTEC will utilize a Geoprobe® contractor to provide and operate the Geoprobe® rig and Geoprobe® 

equipment. The equipment will be positioned at the sampling location and the drive rod and expendable 

point will be advanced into the subsurface. Once the target sampling depth has been achieved, the rod is 

pulled up about 4 to 6 inches to allow the expendable point to be released and void space is created. It 

may be necessary to use a "point popper" to disengage the expendable point. Then the sampling tube 

with adapter is pushed down the inside of the drive rod and is engaged into the point holder by turning 

counter-clockwise. Once the tubing is engaged, the soil vapor sample can be collected using the PRT 

system. Detailed information for the PRT system is provided in Appendix B (Geoprobe® Post-Run 

Tubing System). Disposable Teflon® tubing (0.125-inch inside diameter) will be used for the collection 

of the soil vapor samples. Prior to collecting the sample, the sampling system (PRT tubing) will be 

purged of seven volumes of vapor. All calculations of required purge volumes will be documented in the 

field book. The sample train purge volume (one volume) will be calculated by the summation of the 

following volumes (refer to Appendix C for purge volume calculations): 

1. The volume of Teflon® tubing utilized to extend from the target sampling depth to the 

surface, 

2. The approximate .volume. of the void space created when the expendable point is 

withdrawn, 

3. Plus an additional20 milliliters (mL). 

Purging of the sampling system will be performed using a 60 cubic centimeters (cc) [1 cc is equivalent to 

1 mL] disposable syringe. A new svringe and new Teflon® tubing will be used for each sample 

collected. 

SUMMA® canisters and NIOSH tubes will be used to collect the samples for laboratory analysis. 

Sections 2.3 .1 and 2.3 .2 in Appendix A provide a detailed description of the procedures to be used for 

SUMMA® canister grab sampling. 
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To confirm that ambient air short-circuiting is not occurring during soil vapor sampling, a leak test will be 

performed. The leak test includes using 2-propanol as a tracer compound. Household paper towels will 

be wetted with 2-propanol immediately prior to purging and sampling. The wetted paper towels are 

placed directly over the top of a bentonite plug located at ground surface where the Geoprobe® rod string 

enters the ground. A second wetted paper towel is placed around the Teflon® tubing where the tubing 

exits the rod string. When this short-circuiting test is conducted, 2-propanol will be added to the list of 

analytes to be analyzed by the laboratory. The procedures will be documented in the field logbook. Care 

will be exercis~d in the handling of 2-propanol to avoid cross-contamin3:ting the samples or equipment. 

Marking pens (Sharpies®, etc) that may contain VOCs will not be used in the field. 

Visual inspection of individual PRT system components, including 0-rings, will be performed before and 

after collection of each soil vapor sample. Documentation of inspection is included in the field logbook. 

Qualitative testing of the equipment will be performed at the end of each day after the last sample is 

collected. The test is conducted by appl)ing a vacuum to the sealed assembled system as described in 

Appendix D (Vacuum Testing Procedure). 

3.2.1 Vapor Sample Collection using SUMMA® Canisters 

The SUMMA® c~nisters sampling will be used to determine the concentrations of BTEX, MTBE, 
\ 

naphthalene, TPHg (calibrated), and 2-propanol (leak testing). The following steps will be followed for 

vapor sampling using the SUMMA® canisters: 

• Prior to sampling, the system will be purged of seven volumes of ambient air using a GilAir 

Constant flow pump, 

• Upon completion of purging the seventh purge volume, the in-line valve to the GilAir Constant 

flow pump will be closed, 

• Insert the Teflon® tubing into a 5-micron particulate filter attached to a 6-Liter SUMMA® 

canister inlet, 

• Then, to collect each sample, the field crew will perform the following steps: 

~ First, open the valve on the SUMMA® canister, with the pressure gauge attached and 

record the canister pressure (should be approximately minu~ (-) 29 inches mercury), 

~ The grab sampling period will continue for approximately 3 minutes, 

~ Close the sample valve, and record the final canister pressure, 

~ If the final pressure is near ambient then remove the SUMMA® canister from pressure 

gauge and sample tubing, 

5 
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~ If the final pressure· has not reached ambient, then reopen the canister and continue to 

collect soil gas. This procedure may need to be repeated until an approximate grab 

sampling period can be determined for the site specific field conditions, which would be 

used for subsequent sampling locations, 

~ Once sampling is completed and the canister has been removed, install 11.! inch brass 

screw-on cap onto the SUMMA® canister, 

~ Label the canister with the site name, sampling location, date, time, analytical parameter, 

and sampler identification, and 

~ Transport the vapor sample canisters to certified laboratory via overnight courier using 

proper chain-of-:custody documentation. 

3.2.2 Vapor Sample Collection using NIOSH Tubes 

NIOSH tube sampling is needed to determine the concentration of TPH (diesel range) in the vapor 

samples. The NIOSH tube contains an activated charcoal media. The following steps will be followed 

for obtaining vapor samples using NIOSH Tubes: 

• The NIOSH tubes should be received from the laboratory in a cooler with an inside temperature 

of2 to 6 degrees Celsius using "Blue Ice" or equivalent; 

• A GilAir personal sampling pump is needed to obtain the vapor samples. The pump will be 

calibrated prior to use; 

• The sampling tubing is connected to the NIOSH tube; 

• The sample is collected by connecting the opposite end of the NIOSH tube to a personal sampling 

pump and drawing the soil ·gas through the tube as described in the sampling method for 

Naphthas 1550 (Appendix E). Documentation of flow rate and sampling time will be entered in 

the field notebook, as it will be needed to calculate the sample concentration; 

• The pump is then turned off and the NIOSH tube is disconnected from the pump and tubing, the 

ends of the tube are capped, and the tube is stored for shipping to the laboratory in a cooler with 

an inside temperature of 2 to 6 degrees Celsius; and 

• The tube will be labeled and transported to the certified laboratory as described above for the 

SUMMA® canister sampling. 

3.3 Field Documentation 

At a minimum, the following information will be recorded in the field logbook for each soil vapor sample 

collected: 
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• Ambient air temperature; 

March 7, 2005 

• Sample ID -will consist of the previous Soil Boring Location ID and SV 01-10.5. This will 

designate it as a soil vapor sample collected at a depth of 10.5 feet at that previous soil boring ID 

location. The depth will be rounded to the nearest 0.5 foot; 

• Sample depth (with calculations ifboring is performed at an angle); 

• Sample location with schematic showing at least two measurements to fixed site features, 

• Sample date (e.g. rnrn/dd/yy- 09/21/02); 

• Sample time in 24-hour format (e.g. 13:50 for 1:50 in the afternoon); 

• Length of sampling time; 

• Beginning and ending canister pressure; and 

• For NIOSH tube sampling, the flow rate and length of sampling time. 

3.4 Soil Chemistry and Geotechnical Parameter Samples 

Subsurface soil samples will be collected continuously from the surface to the capillary fringe 

(determined by the field Geologist) in an adjacent boring to those used to obtain soil vapor samples using 

a Geoprobe Macro Sampler. A soil sample from each boring corresponding to the depth of the vapor 

sampling location will be split, and half analyzed for chemical parameters and the other half analyzed for 

geotechnical parameters to assist in the evaluation of the soil vapor results. 

Soil samples from Areas 2B and 6C will be analyzed for VOCs, MTBE, naphthalene, TPH-GRO 

(gasoline range), and TPH-DRO (diesel range). At Areas 3C and 3G, the soil samples will be analyzed 

for BTEX, MTBE, naphthalene, TPH-GRO, and TPH-DRO. 

The split samples will be analyzed for the following geotechnical parameters; Volumetric Water/Moisture 

Content, and Fractional Organic Carbon. 

4.0 Laboratory Analysis Procedures 

The SUMMA® canisters and NIOSH tubes will be prepared for sampling by the certified laboratory 

selected for laboratory analysis. Prior to sampling, each canister will be cleaned and blanked. Following 

cleaning and blanking, the canisters will be evacuated, leak-checked, their vacuum measured, and 

prepared for field deployment. 
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The soil vapor and background air samples will be analyzed for selecte.d VOCs as specified below 
following guidance outlined in Environmental Protection Agency (EPA) Methods Modified T0-15 and 
T0-3, and NIOSH Method 1550. 

• BTEX and MTBE -Modified T0-15 (Std. Level), 
• Naphthalene- Modified T0-15+Naphthalene (Std. Level), 
• TPH gasoline range (C5-C10 or C2-C12)- Modified T0-3 (Std. Level), 
• TPH-D (diesel range)- NIOSH 1550, and 

• 2-propanol Oeak test) -Modified T0-15 (Std. Level). 

5.0 Quality Assurance - Quality Control Procedures 
Quality Control (QC) on the project will consist of method appropriate laboratory quality control 
measures run to evaluate the precision and accuracy of the analytical methods. QC for the project field 
work will consist of performing and documenting equipment/instrument specific calibrations, inspections, 
and tests to evaluate the equipment precision and accuracy. Additionally, equipment that does not 
perform to specifications or is defective is taken out of service, clearly identified, and segregated until it 
has been repaired and shown by calibration/verification to perform satisfactorily .. Routine maintenance is . 
performed as needed, depending on how often the equipment/instrument is used, the manufacturer's 
recommendations, and previous experience. 

..· 
Quality Assurance (QA) for the project will consist of review of the field data; laboratory data; evaluation 
of QC problems; coordination with the laboratory or field personnel to answer questions and resolve 
problems; and technical review of the report. 

6.0 Reporting 

Following completion of the TPH soil vapor sampling, a report will be completed that documents the 
vapor sampling investigation results including a summary of site activities and laboratory analysis. 
Copies of the laboratory reports and chain-of-custody forms will also be included in the report. Analysis 
of the data will be used to supplement the risk assessment already submitted to the Airport and MDNR 
following the protocol included in the MRBCA Guidance Document. 
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Section 1.0 Introduction 

Air Toxics Ltd. presents this guide as a resource for individuals engaged in air sampling. Air s~mpling 
can be more involved than water or soil sampling due to the reactivity of chemical compounds in the 
gas matrix and sample interaction with the sampling equipment and media. Ensuring that air samples 
are collected properly is an important step in acquiring meaningful analytical results. This guide is not 
a substitute for experience and cannot possibly address the multitude of actual field conditions. Note 
that this guide is intended for typical projects involving whole air sampling of volatile organic com­
pounds (VOCs) in canisters and Tedlar bags. Air Toxics Ltd. provides the "Guide to Air Sampling and 
Analysis- Sorbents, Solutions, and Filters" for other types of sampling. 

1.1 Whole Air Sampling of VOCs 
There are four general ways to collect compounds in a gas phase sample. A sampler can collect the gas 
in a container or draw the gas through a sorbent, solution, or filter. This guide focuses on collecting a 
sample in the most common air sampling containers, Summa canisters and Tedlar bags. The sample 
can be collected in the container either passively (i.e., by evacuating the canister prior to sampling) or 
actively (i.e., using a pump). The container is subsequently sealed and transported to the laboratory for 
analysis. The sample is referred to as a "whole air sample" and the compounds remain in the gas 
matrix (e.g., an1bient air) inside the container. 

As a general rule, whole air sampling is best when target compounds are volatile, non-polar, and have 
boiling points less than I 70°C, although exceptions to this rule can be found. Recovery of any given 
compound in a whole air sample is very much dependent upon the humidity of the sample, the chemi­
cal activity of the sample matrix, and the degree of inertness of the container. 

1-2 Choosing Between Canisters and Tedlar Bags 
Deciding whether a canister or a Tedlar bag should be used for collecting a whole air sample depends 
on the type of air sampling application. The Tedlar bag is best used as a "ppmv" (parts per million by 
volume) whole air sample container. In other words, it is best suited for air sampling applications 
involving compound concentrations well above the low ppbv (parts per billion by volume). range. Soil/ 
landfill gas surveys, monitoring soil vapor extraction (SVE) systems, and sampling for atmospheric/ 
fixed gases are applications well suited for Tedlar bag sampling. Ambient and indoor air projects 
driven by risk assessment or litigation are better suited for Summa canisters that are cleaned and 
individually certified free of the target compounds. The different degree of compound inertness 
between the two sample container surfaces is reflected in their suggested hold times for VOCs- 3 days 
from sampling to analysis for a Tedlar bag compared to 14-30 days for a Summa canister. Analyses of 
new Tedlar bags reveal that some VOCs may be present at concentrations in the single digit ppbv 
range (see Section 3). 
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Table 1.2. Comparison of Canisters to Tedlar Bags 

Common Volumes 

Type of Sampling 

Sample Handling 

Media Hold Time 

Hold Time to Analysis 

Surface Inertness 

Cleanliness 

Sampling Application 

Rule of Thumb 

Advantages 

canisters 

1 arid 6 L 

Passive (vacuum) 

Roorri temperature 

Up to 30 days reconimemded · 

14-30 days .. 

Excellent 

10% or 100% . 
certified to ppb~ipptv ievels 

Ambienl/indoor air, soil/landfill 
gas, stationary source . 

· "ppbv device" 

Inertness, hold time, ~ 
ruggedness, no pump ·. 

: 1, 3, and 5.L· 

. Active (pump required) 

· Room temperature 

Indefinite 

3days 

Fair 

s6ine vocs present 
. at 0.5 to 45 ppbv 

Afhbieni air (fixed gases 
. only), soil/landfill gas, • 
. stationary source 

"pprriv ~evice" 

• Purc~ase/shipping cosi. 
i:ivailability, convenience 

The table above compares the features of canisters and Tedlar bags. Canisters have superior inertness, 
hold time to analysis, ruggedness, and do not require a sampling pump. Tedlar bags can be purchased 
inexpensively in bulk, carried to a sampling site in a briefcase, filled in seconds, and shipped easily to 
the laboratory for analysis. Call Client Services at 800-985-5955 if you have questions regarding 
sampling media. 

1.3 Organization of this Guide 
The remainder of this guide is divided into three sections: canister sampling, Tedlar bag sampling, and 
special sampling considerations. Section 2 on canister sampling and Section 3 on Tedlar bag sampling 
provide complete sampling media descriptions, practical considerations for sampling, and step-by-step 
sampling procedures. Photographs illustrate the correct way to assemble the various sampling compo­
nents. Tables provide detailed information on many operational factors that ultimately influence the 
quality of the data obtained from a canister or Tedlar bag sample. Section 4 provides considerations for 
special sampling configurations such as field duplicates and ambient blanks. This section also provides 
considerations for sampling at altitude, soil/landfill gas sampling, and sample cylinder (or "sample 
bomb") sampling. 

If you have any questions after reading this guide, please call Client Services at 800-985-5955 before 
proceeding with sampling. Air Toxics Ltd. also provides technical articles on specific air topics in Air 
Topics publications and In the Air quarterly newsletters available upon request or on the Internet at 
www.airto.dcs.com. 
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Section 2. Canister Sampling 

This section provides a description of air sampling canisters, practical considerations for sampling, and 
step-by-step instructions for collecting a grab and integrated sample. Photographs illustrate the correct 
way to assemble the various sampling components. Tables provide detailed information on many 
operational factors that ultimately influence the quality of the data obtained from a cani~ter sample. 

2.1 Introduction to Canisters 
An air sampling canister is a container for collecting a whole air sample for ambient and indoor air 
applications. The canister is best suited for projects involv­
ing analysis of compounds in the ppbv range. However, 
canisters can be used for other applications such as landfill 
and soil gas involving analysis of compounds in the ppmv 
range.· 

A canister can be spherical or cylindrical and is constructed 
of stainless steel. The canister is prepared for sampling by 
evacuating the contents to a vacuum of approximately 29.9 
inches of Mercury (in. Hg). Opening the stainless steel 
bellows valve allows the air sample to enter the canister. 
When the target volume of sample is collected, the valve is 
closed and the canister is returned to the laboratory. 

Canisters can range in volume from less than I liter (L) to greater than 6 L. At Air Toxics Ltd., 6 L 
canisters are used for ambient air samples and for taking integrated samples. I L canisters are normally 
used for taking high concentration (i.e., greater than 5 ppbv) grab samples, although exceptions to 
these guidelines are common. Variations of air sampling canisters include glass bulbs, sample cylin­
ders (or "sample bombs"), and Summa canisters. Glass bulbs are rarely used in field applications due 
to lack of ruggedness. Sample cylinders are DOT-approved, high pressure, thick-walled, stainless steel 
cylinders with a valve at each end (see Section 4.4). The remainder of this section focuses on Summa 
canisters. 
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2.1.1 Summa Canister 
A Summa canister is a stainless steel container that has had the internal 
surfaces specially passivated using a "Summa" process. This process combines 
an electropolishing step with a chemical deactivation step to produce a surface 
that is nearly chemically inert. A Summa surface has the appearance of a 
mirror: bright, shiny, and smooth. The degree of chemical inertness of a whole 
air sample container is crucial to minimizing reactions with the sample and 
maximizing recovery of target compounds from the container. Air Toxics Ltd. 
maintains a large inventory of Summa canisters in 6 and I L volumes. 
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2.1.2 Canister Cleaning and Hold Time 
Canister sampling differs considerably from collecting a water 
sample in a VOA vial or a soil sample in an amber jar in that the 
container (valued at over $450) is cleaned and reused. A canister 
will hold a high vacuum (i.e., greater than 25 in. Hg) for more 
than 30 days. Air Toxics Ltd., however, requires that our canisters 
be returned within 30 days. 

I& Media hold time for a canister is 30 days 

Air Toxics Ltd. provides two types of canister cleaning certifica­
tion, 10% and 100%, depending upon the requirements of the 
project. The 10% certification process is appropriate for routine 
ambient air applications and high concentration applications such 
as soil vapor and landfill gas monitoring. The 10% certification 
process begins by cleaning canisters using a combination of 
dilution, heat, and high vacuum. After completing the cleaning 
steps, 10% of the canisters are certified each day. Canisters are 
certified for approximately 60 VOCs using GC/MS by Modified EPA Method T0-15. The 10% 
certification process requires that target compound concentrations be below 0.2 ppbv. Alternatively, 
the 100% certification (i.e., individual certification) process is appropriate for ambient and indoor air 
applications driven by risk assessment or litigation that require pptv (parts per trillion by volume) 
sensitivity. Similar to the 10% certification, the 100% certification also begins with the canister 
cleaning process. The difference with the 100% certification is that canisters are individually certified 
for a client-specific list of target compounds using GC/MS by T0-15. The 100% certified canisters are 
shipped with analytical documentation demonstrating that they are free ofthe target compounds down 
to the project reporting limits. 

I& Specify whether your project requires 
10% or 100% canister cleaning certification 

Although 14 days is the most commonly cited hold time for a canister sample, the hold time is com­
pound specific. For example, non-polar compounds such as chloroform, benzene, and vinyl chloride 
are stable in a canister for at least 30 days. In fact, EPA Method T0-15 states: "Fortunately, under 
conditions of normal usage for sampling ambient air, most VOCs can be recovered from canisters near 
their original concentrations for after storage times of up to thirty days". However, recovery of polar 
compounds such as methanol and acetone begin to drop significantly after 14 days. Analysis of these 
samples should be performed within 14 days. 

I& Sample hold time to analysis for a canister is 14-30 days for VOCs 
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2.2 Associated Canister Hardware 
Associated hardware used with the canister includes the valve, brass cap, particulate filter, and vacuum 
gauge. 

2.2.1 Valve 
An industry standard, 114 in. stainless steel bellows valve (manufactured by Nupro) is mounted at the 
top of the canister. The valve allows vacuum to be maintained in the canister prior to sampling and 
seals off the canister once the sample has been collected. No more than a half tum by hand is required 
to open the valve. Do not over-tighten the valve after sampling or it may become damaged. A damaged 
valve can leak and possibly compromise the sample. Some canisters have a metal cage near the top to 
protect the valve. 

2.2.2 Brass Cap 
Each canister comes with a brass cap (i.e., Swagelok 1/4 in. plug) secured to the inlet of the valve 
assembly. The cap serves two purposes. First, it ensures that there is no loss of vacuum due to a leaky 
valve or valve that is accidentally opened during handling. Second, it prevents dust and other particu­
late matter from fouling the valve. The cap is removed prior to sampling and replaced following 
sample collection. 

~& Always replace the brass cap following canister sampling 

7 Micron 5 Micron 

2.2.3 Particulate Filter 
Each canister comes with a particulate filter provided separately in the packing box. The filter prevents 
particulate matter from fouling the valve (or flow controller) and entering the canister. Particulate 
filters should be cleaned between uses. Air Toxics Ltd. provides two types of particulate filters: 7 
micron and 5 micron. The longer, 7 micron particulate filter is normally used with 6 L canisters and 
whenever an integrated sample is being collected. This device filters particulate matter greater than 7 
microns in diameter and does not significantly restrict the flow rate in to the canister. Typical fill times 
for canisters are shown in the following table. The shorter, 5 micron particulate filter is often used to 
slow down grab sampling with I L canisters and mini-cans. This device is a fritted stainless steel disk 
that has been pressed into a conventional Swagelok adapter. This device filters particulate matter 
greater than 5 microns in diameter and has a relatively high pressure drop across the fritted disk. It 
restricts the flow into the canister and fill times are increased. 

I& Always use the particulate filter for canister sampling 
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Table 2.2.3 Fill Times for Canisters 

CANISTER VOLUME 7 micron filter 

6L 16 sec 

1 L 3sec 

400 mL (mini-can) 1-2 sec 

2.2.4 Vacuum Gauge 
A vacuum gauge can be used to measure the 
initial vacuum of the canister before sampling 
and the final vacuum upon completion. A gauge 
can also be used to monitor the fill rate of the 
canister when collecting an integrated sample. 
Gauges are generally not used during the brief 
interval for grab sampling. Gauges are used only 
to provide a relative measure of"change". The 
accuracy of gauges provided by Air Toxics Ltd. 
is such that gauge-to-gauge comparisons have no 
merit. Individuals engaged in frequent air 
sampling or air projects driven by risk assess­
ment or litigation are highly encouraged to 
purchase and maintain their own gauge. Upon 
request, Air Toxics Ltd. provides two types of 
gauges: vacuum gauges reading 0 to 30 in. Hg 
and vacuum-pressure gauges reading 30 in. Hg 
to 30 psig (pounds per square inch gage). 

5 micron filter 

23min 

4min · 

1 min 20 sec 

~& Air Toxics Ltd. provides gauges only if requested 

2.3 Grab Sampling with Canisters 

-

There are two basic modes of canister sampling: grab and integrated. A grab sample is taken over a 
short interval (i.e., 1-5 minutes) while an integrated sample is taken over an extended period (e.g., 0.5-
2 hours for a I L canister and 0.5-24 hours for a 6 L canister). In both modes the canister vacuum is 
used to draw sample into the canister. This is commonly referred to as passive sampling. Active 
sampling utilizes a pump to fill the canister. The most common hardware configuration used to take a 
grab sample are illustrated in the following figure. A particulate filter is used to prevent particulate 
matter from fouling the valve and entering the canister. 
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2.3.1 Considerations for Grab Sampling With Canisters 
The following are some considerations for collecting a grab sample in a canister. 

• Avoid Leaks in Sampling Train: All fittings on the sampling hardware are 1/4 in. Swagelok. A 
9/16 in. crescent wrench is used to assemble the hardware. It is not necessary to over tighten the 
fittings; finger tight plus 1/4 tum with the wrench is adequate. In practice this should be tight 
enough so that the various pieces of equipment, when assembled, cannot be rotated by hand. 

• Verify Gauge Operation: If the indicator does not read "zero" upon arrival, the gauge either 
needs to equilibrated or the gauge may be damaged and unusable. Equilibrate the gauge by 
"cracking" the rubber plug on top of the gauge. For more details on the equilibration procedure, 
see instructions included with the gauge or call Client Services at 800-985-5955. 

Verify Initial Vacuum of Canister: Prior to shipment, each canister is checked for mechanical 
integrity. However, it is still important to check the vacuum of the canister prior to use and record 
the initial vacuum on the chain-of-custody. The initial vacuum of the canister should be greater· 
than 25 in. Hg. If the canister vacuum is less than 25 in. Hg, do not use it Call Client Services at 
800-985-5955 and arrange for a replacement canister. If sampling at altitude, there are special 
considerations for gauge readings and sampling (see Section 4.2). The procedure to verify the 
initial vacuum of a canister is simple, but unforgiving. 
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I. Confirm that valve is closed (knob should already be tightened clockwise) 
2. Remove the brass cap 
3. Attach gauge 
4. Attach brass cap to side of gauge tee fitting 
5. Open and close valve quickly (a few seconds) 
6. Read vacuum on the gauge 
7. Record gauge reading on "Initial Vacuum" column of chain-of-custody 
8. Verify that canister valve is closed and remove gauge 
9. Replace the brass cap 

• Leave Residual Vacuum: A grab sample can be collected either by allowing the canister to reach 
ambient conditions or by leaving some residual vacuum (e.g., 5 in. Hg) in the canister. In either 
case, the final vacuum should be noted on the "Final Vacuum" column on the chain-of-custody. 
This will enable the laboratory to compare the final vacuum with the receipt vacuum (i.e., the 
vacuum measured upon arrival at the laboratory). If the two readings differ significantly, Client 
Services will contact you for instructions on how to proceed. 

2.3.2 Step-by-Step Procedures for Canister Grab Sampling 
These procedures are for a typical ambient air sampling application and actual field conditions and 
procedures may vary. 

Before you get to the field: 
l. Verify contents of the shipped package (e.g., chain-of-custody, canister, particulate filter, and 

gauge- if requested) 
2. Verify that gauge is working properly (see Section 2.3.1) 
3. Verify and record initial vacuum of canister (see Section 2.3.1) 

When ready to sample: 
4. Remove brass cap 
5. Attach particulate filter to canister 
6. Open valve 1/2 tum (6 L canister normally takes about 16 sec to fill) 
7. Close valve by hand tightening knob clockwise 
8. Verify and record final vacuum of canister (repeat steps used to verify initial vacuum) 
9. Replace brass cap 
I 0. Fill out canister sample tag 
II. Return canister in box provided 

·-Unreturned canister charge of$450 each 
12. Return sample media in packaging provided. Unreturned equipment charges: 

- $45 per particulate filter 
- $45 per gauge 

13. Fill out chain-of-custody and relinquish samples properly 
14. Place chain-of-custody in box and retain pink copy 
15. Tape box shut and affix custody seal (if applicable) across flap 
16. Ship accordingly to meet method holding times 
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2.4 Integrated Sampling with Canisters and Flow Controllers 
An air sample collected over more than a few minutes is referred to as an integrated sample and can 
provide information on compound concentrations in air averaged or composited over time. An 8- or 
10-hour integrated sample can be used to detemtine indoor air quality in the workplace. Similarly, a 
24-hour integrated sample can be an economical and practical approach to determine residential 
exposure to indoor or outdoor air sources. The most common hardware configurations used to take an 
integrated sample are illustrated below. 

Flow controllers are devices that regulate the flow of air during sampling into an 
evacuated canister. Also known as flow restrictors, these devices enable a sampler to 
achieve a desired flow rate and thus, a sampling interval. Air Toxics Ltd. provides 
two general types of flow controllers: mass flow controllers and critical orifice 
devices. Both devices are driven by differential pressure between ambient conditions 
and vacuum in the canister. 

Flow controller 
by Veriflo 

2.4. 1 Mass Flow Controller 
A mass flow controller employs a diaphragm that actively compensates to maintain a constant mass 
flow rate. As the differential pressure decreases, the flow rate tends to decrease and the diaphragm 
responds by opening up to allow more air to pass through. Mass flow controllers can be adjustable or 
fixed and can provide integrated samples with intervals ranging from hours to days. Air Toxics Ltd. 
provides a fixed mass flow controller that is calibrated at the laboratory for 24-hour sampling. Adjust­
able mass flow controllers have a knob that can be adjusted in the field to provide integrated samples 
with intervals ranging from one to 24 hours. The rugged conditions of field sampling are not usually 
compatible with adjustable mass flow controllers and Air Toxics Ltd. designed a more reliable flow 
controller based on a critical orifice design. 

2.4.2 Critical Orifice Device 
Air Toxics Ltd. designed a critical orifice flow restrictor to provide integrated samples with intervals 
from 0.5 to 8 hours. The device restricts air flow by forcing the sample to enter a capillary column of 
minute radius. This device is passive compared to an actively compensating diaphragm and the flow 
rate decreases as the driving force (differential pressure) decreases. For sampling intervals from 0.5 to 
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8 hours, however, the flow rate is relatively constant. The 
main advantages of the Air Toxics Ltd. flow restrictors are 
improved ruggedness and cleanliness. With no moving or 
adjustable parts, the Air Toxics Ltd. design is unlikely to 
lose its flow setting. In addition, a vacuum gauge is built 
in to the device to monitor sampling progress. To ensure 
there are no contamination issues from previous use, the 
capillary column is replaced before shipping to the field. 

2.4.3 Sampling Interval and Flow Controller Setting 

- - -

When you request canisters and flow controllers from Air Toxics Ltd., you will be asked for the 
sampling interval, and the flow controllers will be pre-set prior to shipment according to the table 
below. The flow controller is set to collect 5 L of sample over the sample interval. Final canister 
vacuum is targeted at 5 in. Hg. The flow rate is set at standard atmospheric conditions (approximately 
sea level). If the air sample is a process (pressurized or under vacuum) or is collected at elevation, the 
canisters will fill faster or slower depending on the sampling conditions. If you specify the pressure of 
the source at project set-up, we can set the flow controller accordingly. See Section 4 for a discussion 
of collecting a sample at elevation. The 24-hr flow controllers should not be used for process or source 
samples. 

Table 2.4.3 Flow Rates for Selected Sampling Intervals 
(ml/min) 

Sampling Interval (hrs) 0.5 1 2 4 8 12 24 

6 L Canister 167 83.3 41.7 20.8 11.5 7.6 3.5 

1 L Canister 26.6 13.3 6.7 

Note: Target fill volumes for 6 Land 1 L canisters are 5,000 mL and 800 mL, respectively. 

Flow Rate(mUmin) = Target Fill Volume (mL) 
Sampling Interval (min) 

2.4.4 Final Canister Vacuum and Flow Controller Performance 
Ideally the final vacuum of a 6 L canister should be 5 in. Hg or greater. As long as the differential 
pressure is greater than 4 in. Hg ambient pressure, then the flow through the device will remain 
approximately constant as the canister fills. lfthere is insufficient differential pressure, the flow 
through the controller will decrease as the canister pressure approaches ambient. Because of the normal 
fluctuations in the flow rate (due to changes in ambient temperature, pressure, and diaphragm instabili­
ties) during sampling, the final vacuum will range between 2 and 10 in. Hg. 
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• 

• 

If the residual canister vacuum is greater than Sin. Hg (i.e., more vacuum), the flow rate was 
low and less than 5 L of sample was collected. When the canister is pressurized to 5 psig prior to 
analysis, sample dilution will be greater than normal. This will result in elevated reporting limits. 

If the residual canister vacuum is less than 5 ln. Hg (i.e., less vacuum), the initial flow rate was 
high. Once the vacuum decreases below 5 in. Hg, the flow rate begins to drop significantly. This 
scenario indicates that the sample is skewed in favor of the first portion of the sampling interval. 

If the final vacuum is near ambient (i.e., less than I in. Hg), there is inadequate differential 
pressure to drive the flow controller. The sampler cannot be certain the desired sampling interval 
was achieved before the canister arrived at ambient conditions. The sample could have been 
acquired over a !-hour interval (which would be the case if the connection between the canister 
and flow controller leaked or if the flow controller malfunctioned) or a 24-hour interval. Although 
the actual sampling interval is uncertain, the canister still contains sample from the site. 

Table 2.4.4 Relationship Between Final Canister Vacuum, Volume 
Sampled, and Dilution Factor (6 L Canister) 

Final Vacuum (in. Hg) 0 2.5 5 7.5 10 12.5 15 17.5 20 

Volume Sampled (L) 6 5.5 5 4.5 4 3.5 3 2.5 2 

Dilution Factor* 1.34 1.46 1.61 1.79 2.01 2.30 2.68 3.22 4.02 

Final 
Reporting 
Limit 

Dilution 
Factor 
(Canister 

Pressurization) 

Method 
Reporting X 
Limit 

Pressurization 
for Analysis 
Receipt Vacuum 

• Canister pressurized to 5 psig for analysis 

Dilution 
Factor 
(Canister 

Pressurization) 

Dilution 
X Factor 

(Sample 

Concentration) 

14.7 psig +Press. for Analysis (pslg) 

14.7 psig [ 1 Rec. Vac. (in. Hg) J 
29.9 in. Hg 

2.4.5 Considerations for Integrated Sampling with Canisters 
Collecting an integrated air sample is more involved than collecting a grab sample. Sampling consider­
ations include verifying that the media is ready, monitoring the integrated sampling progress, and 
avoiding contamination. 

• Avoid Leaks In the Sampling Train: See Section 2.3.1 for instructions on how to securely 
assemble sampling hardware. A leak in any one of these connections means that some air will be 
pulled in through the leak and not through the flow controller. A final pressure near ambient is one 
indication that there may have been a leak. 
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• 

• 

Verify Initial Vacuum of Canister: See Section 2.3.1 for instructions on verifying initial canister 
vacuum. If you are using an Air Toxics Ltd. critical orifice flow controller, note that you can use 
the built-in gauge. It is intportant to note both the canister and flow controller serial numbers on 
the chain-of-custody. 

Monitor Integrated Sampling Progress: It is a good idea to monitor the progress of the inte­
grated sampling during the sampling interval. The volume of air sampled is a linear function of 
canister vacuum. For example, halfway ( 4 hours) into an 8-hour sampling interval, the canister 
should be half filled (2.5 L) and the gauge should read approximately 17 in. Hg. More vacuum 
than 17 in. Hg indicates that the canister is filling too slowly; less than 17 in. Hg and the canister is 
filling too quickly. If the canister is filling too slowly, a valid sample can still be collected (see 
Section 2.4.4). If the canister is filling too quickly because of a leak or incorrect flow controller 
setting, corrective action can be taken. Ensuring all connections are tight may eliminate a leak. It 
is possible to take an intermittent sample. The time interval need not be continuous. Eight !-hour 
increments, taken-by opening and closing the canister valve, will yield a valid sample. 

Table 2.4.5 Gauge Readings for an 8-Hour Sampling Interval 

Sampling Interval (hrs) 0 4 8 

Canister Vacuum (in. Hg) 29.9 17.4 5 

Volume Sampled (L) 0 2.5 5 

Avoid Contamination: Flow controllers should be cleaned between uses. This is normally 
accomplished by returning them to the laboratory. For large air sampling projects, Air Toxics Ltd. 
has designed a field conditioning program for 24-hour flow controllers involving a purge mani­
fold. This arrangement provides the sampler with scheduling flexibility, inventory control, and 
convenience in the field. Air Toxics Ltd. will provide the 24-hour flow controllers, a purge 
manifold, Teflon tubing, rubber ferrules, vacuum pump, and flow meter. The sampler will need to 
provide the certified nitrogen cylinder and the certified high pressure regulator. Call Client 
Services at 800-985-5955 if you are interested in the field conditioning program. 

• Keep Sampling Train Out of Direct Sunlight: The sampling train should be kept out of direct 
sunlight during sampling. There will be some flow rate drift if the temperature of the controllers is 
allowed to vary significantly. 

2.4.6 Step-by-Step Procedures for Integrated Sampling 
These procedures are for a typical ambient air sampling application and actual field conditions and 
procedures may vary. 
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Before you get to the field: 

I. Verify contents of the shipped package (e.g., chain-of-custody, canister, particulate filter, imd flow 
controller) 

2. Verify initial vacuum of canister (see Section 2.3.1) 

When ready to sample: 

3. Remove brass cap 

4. Attach flow controller to canister 

5. Attach particulate filter to flow controller 

6. Open valve 1/2 turn 

7. Monitor integrated sampling progress periodically (see Section 2.4.5) 

At end of sampling interval: 

8. Verify and record final vacuum of canister (for 24-hr flow controller repeat steps used to verity 
initial vacuum and for critical orifice device simply read built-in gauge) 

9. Close valve by hand tightening knob clockwise 
I 0. Replace brass cap 

I I. Fill out canister sample tag 

12. Return canisters in boxes provided 

-Unreturned canister charge of$450 each 

13. Return sample media in packaging provided. Unreturned equipment charges: 
- $45 per particulate filter 

- $50-500 per flow controller 

14. Fill out chain-of-custody and relinquish samples properly 
15. Place chain-of-custody in box and retain pink copy 

16. Tape box shut and affix custody seal (if applicable) across flap 
17. Ship accordingly to meet method holding times 
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Section 3. Tedlar Bag Sampling 

This section provides a description ofTedlar bags, · 
practical considerations for sampling, and step-by-step 

- -

· instructions for collecting a grab sample. Photographs 
illustrate the correct way to assemble the various sam­
pling components. 

3.1 Introduction to Tedlar Bags 
A Tedlar bag is a container used to collect a whole air 
sample for landfill gas, soil gas, and stationary source 
applications. The Tedlar bag is best suited for projects 
involving analysis of compounds in the ppmv range. 
However, Tedlar bags can be used for other applications 
such as ambient air monitoring for atmospheric/fixed 
gases. They can be used to collect sulfur compounds, but 
only if the fittings are non-metallic (e.g:, polypropylene, 
Teflon, or Nylon). 

A Tedlar bag is made of two plies ofTedlar film sealed 
together at the edges and features a valve that allows the interior to be filled. Sample collection 
requires a pressurized sampling port, a low flow rate pump, or a lung sampler. The bag expands as 
sample enters. When the target volume of sample is collected, the valve is closed and the Tedlar bag is 
returned to the laboratory. Air Toxics Ltd. maintains a limited inventory ofTedlar bags in I L, 3 L, 
and 5 L volumes. · 

3.1.1 Ted/ar Film 
Tedlar is a trade name for polyvinyl fluoride film developed by DuPont Corporation in the 1960's. 
This patented fluoropolymer has been used in a wide variety of applications including protective 
surfacing for signs, exterior wall panels, and aircraft interiors. Tedlar film is tough, yet flexible and 
retains its impressive mechanical properties over a wide range of temperatures (well below freezing to 
over 200• F). Tedlar exhibits low permeability to gases, good chemical inertness, good weathering 
resistance, and low off-gassing. 

3.1.2 How "Active" is the Surface of a Tedlar Bag? 
The surface of a Tedlar bag is a work in progress. The surface of a new bag is essentially free ofVOCs 
at the single digit ppbv level. Compounds detected from analyzing new Tedlar bags include methylene 
chloride, toluene, acetone, ethanol, and 2-propanol. Note that 2-propanol has been detected in some 
new bags up to 45 ppbv. Once the Tedlar bag is used, however, the surface has been exposed to 
moisture and possibly VOCs. It may irreversibly adsorb many VOCs at the low ppbv level. A series of 
purges with certified gas will not remove the VOCs from the surface. $15 for a new bag is a small 
price to pay for peace of mind. 
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IGY Never reuse a Tedlar bag when sampling for trace level compounds 

3.1.3 Hold Time for a Tedlar Bag 
The media hold time for a Tedlar bag is indefinite if stored out of sunlight in a cool, dry location. 
Tedlar bags can be used to collect samples containing common solvents, hydrocarbons, chlorinated 
solvents, sulfur compounds, and many other classes of compounds. The sample hold time to analysis 
varies for different classes of compounds: 

1 Day: Sulfur compounds (e.g., hydrogen sulfide and methyl mercaptan) and chemically active 
compounds (e.g., I ,3-butadiene ). 
3 Days: Chlorinated solvents, aromatic compounds, and 
atmospheric/fixed gases (oxygen, nitrogen, carbon 
dioxide). 

3.2 Tedlar Bag Sampling 
Using a Tedlar bag to collect an air sample normally involves 
"active" sampling, unlike an evacuated canister that can be 
filled "passively" by simply opening the valve. There are two 
methods commonly used to fill a Tedlar bag: using a pump or a 
lung sampler. 

Sampling with a Pump: The most common method to fill a Tedlar bag is to 
use a small pump with low flow rates (50-200 mUm in) and tubing to fill the bag. 
Air Toxics Ltd. does not provide pumps but they can be rented from equipment 
providers or purchased from manufacturers such as Neuberger or Gilian. 

• Sampling with a Lung Sampler. Alternatively to using a 
pump, a "lung sampler" can be used to fill a Tedlar bag. 
Although a little more complicated than simply using a pump, 
the main advantage to using a lung sampler is that it avoids 
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potential pump contamination. A Tedlar bag with attached 
tubing is placed in a small airtight chamber (even a 5-gallon 
bucket can work) with the tubing protruding from the 
chamber. The sealed chamber is then evacuated with a pump 
causing the bag to expand and drawing the sample through 
the protruding tube into the bag. The sample air never 
touches the wetted surfaces of the pump. Air Toxics Ltd. 
does not provide lung samplers, but they can be rented from 
equipment suppliers or purchased by manufacturers such as 

SKC Inc. 
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3.2.1 Considerations for Tedlar Bag Sampling 
The following are some considerations for collecting a Tedlar bag sample. 

• Fill the Tedlar bag no more than 2/3 full: Allow for possible expansion due to an increase in 
temperature or decrease in atmospheric pressure (e.g., the cargo hold of a plane). 

Keep the Tedlar bag ont of sunlight: Tedlar film is transparent to ultraviolet light (although 
opaque versions are available) and the sample .should be kept out of sunlight to avoid any photo­
chemical reactions. 

• Protect the Tedlar bag: Store and ship the Tedlar bag samples in a protective box at room 
temperature. An ice chest can be used, but DO NOT CHILL. 

• Fill ont the Tedlar bag label: It is much easier to write the sample information on the label before 
the Tedlar bag is inflated. 

Provide a second Tedlar bag: Consider filling two bags per location in the rare occasion that a 
defective bag deflates before analysis. 

• Avoid Contamination: Care should be taken to avoid contamination introduced by the pump or 
tubing. Begin sampling at locations with the lowest compound concentrations (e.g., sample the 
SVE effluent before the influent). Decontaminate the pump between uses by purging with certified 
air for an extended period; bettei yet, use a lung sampler. Use shortest length possible of Teflon 
tubing or other inert tubing. Do not reuse tubing. Iflong lengths of tubing are used, consider 
purging the tubing with several volumes worth before sampling. If you are concerned about 
sampling for trace compounds, you shouldn't be using a Tedlar bag (see Section 1.2). 

Don't Sample Dangerous Compounds in a Tedlar Bag: Do not ship any explosive substances, 
radiological or biological agents, corrosives, or extremely hazardous materials to Air Toxics Ltd. 
Tedlar bag rupture during transit to the laboratory is possible and the sampler assumes full 
liability. 

@AIR TOXICS LTD. 

17 

- - - - - - - -



- - - - - - - - -
3.2.2 Step-by-Step Procedures for Ted/ar Bag Sampling (Pump) 
Note: These procedures are for a typical stationary source (e.g., SVE system) sampling application; 
actual field conditions and procedures may vary. See additional sampling considerations in Section 4.3 
for sampling soil gas or landfill gas. 

Before you get to the field: 
I. Verify contents ofthe shipped package (e.g., chain-of-custody, Tedlar bag, and tubing/fittings- if 

requested) 

2. Verify pump cleanliness and operation {Air Toxics Ltd. does not provide pumps) 

When ready to sample: 
3. Purge sample port 

4. Attach new Teflon tubing from sample port or probe to low flow rate pump 

5. Purge tubing 

6. Fill out Tedlar bag sample tag 

7. Attach additional new Teflon tubing from the pump outlet to the Tedlar bag valve 

8. Open Tedlar bag valve 

9. Collect sample (FILL NO MORE THAN 2/3 FULL) 

I 0. Close Tedlar bag valve by hand tightening valve clockwise 

II. Return Tedlar bag in boxes provided (DO NOT CHILL) 

12. Fill out chain-of-custody and relinquish samples properly 

13. Place chain-of-custody in box and retain pink copy 

14. Tape box shut and affix custody seal (if applicable) across flap 

15. Ship priority overnight to meet method holding times. 3 DAY HOLD TIME TO ANALYSIS 
(most analyses) 
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Section 4. Special Sampling Considerations 

This section provides considerations for special sampling configurations that a sampler may collect in 
the field such as a field duplicates or an ambient blank. This section also provides considerations for 
sampling at altitude, soiUiandfill gas sampling, and sample cylinder sampling. 

4.1 Special Sampling Configurations 
Special sampling configurations include a field duplicate, field split, field blank, ambient blank, trip 
blank, and an equipment rinse. Call Client Services at 800-985-5955 if your project involves any of 
these special sampling configurations. 

4.1.1 Field Duplicate 
A field duplicate is a second sample collected in the field simultaneously with the primary sample at 
one sampling location. The results of the duplicate sample can be compared (e.g., calculate relative 
percent difference) with the primary sample to provide information on consistency and reproducibility 
of field sampling procedures. Due to the nature of the gas phase, duplicate samples should be collected 
from a common inlet. The configuration for collecting a field duplicate includes stainless steel or 
Teflon tubing connected to a Swagelock "tee". It is imperative that individually certified (i.e., 100% 
certification process) canisters be used to collect a field duplicate. 
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4. 1.2 Field Split 
A field split is similar to a field duplicate in that two samples are collected in the field simultaneously 
at one sampling location. The main difference is that the samples are sent to separate analytical 
laboratories. The results of the split samples can be compared (e.g., calculate relative percent differ­
ence) to provide information on consistency and reproducibility of analytical procedures between the 
laboratories. However, due to the nature of air sampling canisters (different surface conditions, 
cleaning/certification procedures) and differences in analytical laboratory procedures (common in air 
analysis) the results are almost always meaningless. Please note that Air Toxics Ltd. does not recom­
mend field splits and does not allow Air Toxics Ltd. canisters or other media to be sent to 3"' parties 
without obtaining prior written consent of Air Toxics Ltd. 

4.1.3 Field Blank 
A field blank is a sample collected in the field from a certified air source. Analysis of the field blank 
can provide information on the decontamination procedures used in the field. Clean stainless steel or 
Teflon tubing and a certified regulator should be used. It is imperative that individually certified 
canisters (the sample canister and the source canister/cylinder, if applicable) be used to collect a field 
blank. 

4. 1.4 Ambient Blank 
An ambient blank is an ambient air grab sample collected in the field normally used in conjunction 
with soil gas or stationary source (e.g., SVE system) sampling. Analysis of the ambient blank can 
provide information on the ambient levels of site contaminants. It is imperative that an individually 
certified canister be used to collect an ambient blank. 

4.1.5 Trip Blank 
When sampling for contaminants in water, the laboratory prepares a trip blank by filling a VOA vial 
with clean, de-ionized water. The trip blank is sent to the field in a cooler with new sample vials. After 
sampling, the filled sample vials are placed back in the cooler next to the trip blank and returned to the 
laboratory. Analysis of the trip blank provides information on decontamination and sample handling 
procedures in the field as well as the cleanliness of the cooler and packaging. 

When sampling for compounds in air, a trip blank provides little, if any, of the information above. A 
trip blank canister can be individually certified, evacuated, and sent to the field in a box with the 
sample canisters. Since the valve is closed and the brass cap tightened, it is questionable if the trip 
blank canister contents are ever "exposed" to sampling conditions. At the laboratory, the trip blank · 
canister will be pressurized prior to analysis with dry, zero air- a matrix that may be entirely different 
than the sampled air. The recovery of target compounds can vary by matrix (e.g., moisture, carbon 
dioxide) rendering the trip blank results meaningless. Air Toxics Ltd. does not recommend analyzing a 
trip blank for air sampling. 

4.1.6 Equipment Rinse 
When sampling for contaminants in water, an equipment rinse is accomplished in the field by rinsing 
the decontaminated sampling equipment (e.g., bailer, submersible pump, tubing) with clean, de-ionized 
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water. A portion of the rinse water is collected in a VOA vial for analysis. The equipment rinse is 
similar to a field blank in that it provides infonnation on decontamination procedures of sampling 
equipment. 

When sampling for compounds in air, an equipment rinse can be used to determine if a sampling train 
has been properly decontaminated. Certified air is connected to the sampling train and fills an individu­
ally certified canister. 

4.2 Considerations for Sampling at Altitude 
Sampling at altitudes significantly above sea level is similar to sampling a stationary source under 
vacuum (see Section 4.3) in that target fill volumes may be difficult to achieve. The figure below 
illustrates the relationship between increasing altitude and decreasing atmospheric pressure. Ambient 

Altitude I Standard 
Atmospheric 
Pressure 

10,000ft/10.1 psi--~ 

5,000 It /12.2 psi --

4,000ft/12.7psi --

3,000 ft/13.2 psi --

2,000ft/13.7psi --

1,000 ft/14.2 psi --

6Lmaxfill 
(Sea level) 

- - -
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20.6 in. Hg 

@) ' ' 
4.1L max fill 
(10,000 It) 

Rule of Thumb: Initial vacuum 
gauge reading is off by 1 in. Hg 
and max fill volume is reduced 
by 1/5 L per 1,000 ft of elevation. 
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conditions in Denver at 5,000 ft altitude are quite different than ambient conditions at sea level. 
Canister sampling is driven by the differential pressure between ambient conditions and the vacuum in 
the canister. There is less atmospheric pressure in Denver and 5 L is the maximum fill volume of 
standard air assuming the canister is allowed to reach ambient conditions (i.e., final gauge reading ofO 
in. Hg). Theoretically, if you sample high enough (e.g., in space), no sample would enter the canister 
because there is no pressure difference between the evacuated canister and ambient conditions. To fill 
a canister to 6 L in Denver, you would need to use an air pump. 

Sampling at altitude also affects gauge readings. The gauges supplied by Air Toxics Ltd. (see Section 
2.2.4) measure canister vacuum relative to atmospheric pressure and are calibrated at approximately 
sea level. Before sampling at altitude, the gauges should be equilibrated (see Section 2.3.1). But even 
after equilibrating the gauge, verifying the initial vacuum of a canister at altitude is misleading. In 
Denver at 5,000 ft, expect the gauge to read 25, not 29.9 in. Hg. You do not have a bad canister (i.e., 
leaking or not evacuated properly). The canister is ready for sampling and the gauge is working 
properly. 

I& Rule of Thumb: For every 1,000 ft of elevation, the gauge will be 
off by 1 in. Hg and the fill volume will be reduced by 1/5 L 

If you have questions about sampling at altitude, please call Client Services at 800-985-5955. 

4.3 Considerations for Soil/Landfill Gas Sampling 
There are some additional sampling considerations for collecting grab samples (canister or Tedlar bag) 
from a soil boring, landfill boring, SVE system, or landfill gas (LFG) collection system. The general 
challenge with these samples arises from the need to employ long lengths of tubing to direct the soil 
gas, landfill gas, or process air to the canister or Tedlar bag. Tubing introduces the potential for 
contamination and diluting the sample. A good source of detailed information on soil gas sampling is 
contained in the ASTM D 5314 Standard Guide for Soil Gas Monitoring in the Vadose Zone. 

Use inert tubing. Teflon tubing is recommended. Tubing with an outer diameter of 1/4 in. works 
best with the fittings on the particulate filter. 

Do not reuse tubing. $2 per foot for new tubing is a small price to pay for peace of mind. 

• Purge tubing adequately. A long length of tubing has significant volume of"dead air" inside. 
Without purging, this air will enter the canister and dilute the sample. Consider using a hand-held 
PID/FID to confirm that you have purged the tubing and are drawing sample air through the 
tubing. 

Avoid leaks In the sampling train. Leaks of ambient air through fittings between pieces of the 
sampling train (e.g., tubing to particulate filter) will dilute the sample. 
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• Don't sample too fast. There is no established flow rate for collecting a soil gas or LFG sample,. 

but sampling slower has advantages. First, any leaks in the sampling train will be less prominent at 
lower flow rates due to less differential pressure across the leaking connection. Second, sampling 
slower may allow the conditions in the vadose zone or landfill to equilibrate better and produce a 
more representative grab sample. Consider using a needle valve or even a 5 micron particulate 
filter (see Section 2.2.3) to reduce the flow rate into the canister or Tedlar bag. 

Purge the sample port. A sample port on a SVE system or LFG collection system can accumu­
late solids or liquids depending upon the location of the port in the process and the orientation of 
the port. An influent sample port located upstream of a filter or moisture knock-out can be laden 
with particulates or saturated with water vapor. Heavy particulate matter can clog the particulate 
filter and foul the canister valve. It is important to prevent liquids from entering the canister. The 
presence of water in a canister sample will significantly lower the recovery of both non-polar and 
polar compounds. A sample port oriented downward may have liquid standing in the valve. Purge 
the sample port adequately before connecting the sampling train. 

• Consider the effects of sampling a process under vacuum or pressure. When collecting a grab 
sample from a stationary source such as an SVE system or LFG collection system, some sample 
ports may be under vacuum or pressure relative to ambient conditions. When the sample port is 
under vacuum, such as the header pipe from the extraction well network, it may be difficult to fill 
the canister with the desired volume of sample. A vacuum pump can be used to collect a canister 
grab sample from a sample port under considerable vacuum. See the related discussion on sam­
pling at altitude in Section 4.2. When the sample port is under pressure, such as the effiuent stack 
downstream of the blower and treatment system, you may inadvertently pressurize the canister. 
Only a DOT-approved sample cylinder should be used to transport pressurized air samples (see 
Section 4.4). Under no circumstances should an Air Toxics Ltd. canister be pressurized more than 
5 psig for a 6 L canister and 15 psig for a I L canister. Bleed off excess pressure by opening the 
valve temporarily while monitoring the canister with a pressure gauge. 

4.4 Considerations for Sample Cylinder Sampling 
Sample cylinders, also known as "sample bombs", are DOT-approved, high pressure, thick-walled, 
stainless steel cylinders with a valve at each end. They were intended for collecting a pressurized 
sample for petroleum gas applications. Sample cylinders differ from sample canisters in that they do 
not have a Summa-passivated interior surface and are not evacuated prior to shipment. Sample 
cylinders are not suitable for analysis of hydrocarbons at ppbv levels. Sample cylinders can be used for 
analysis of natural gas by ASTM D-1945 and calculation of Btu by ASTM D-3588. Air Toxics Ltd. 
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assumes that clients requesting a sample cylinder have a pressurized process and sample port with a 
built-in gauge and 114 in. Swagelock fitting to attach to the sample cylinder. Air Toxics Ltd. has an 
inventory of 500 mL sample cylinders that are particularly suited for landfill gas collection systems 
(i.e., LFG to energy applications). Tllis section provides step-by-step procedures for sampling with a 
sample cylinder. 

Step-by-Step Procedures for Sample Cylinder Sampling 
These procedures are for a typical stationary source sampling application and actual field conditions 
and procedures may vary. Follow all precautions in the site Health and Safety Plan when dealing with 
a pressurized sample port and sample cylinder. 

l. Verify contents of the shipped package (e.g., chain-of-custody, sample cylinder, particulate filter) 

2. Verify that gauge on sample port is working properly 

3. Purge sample port 

4. Remove brass caps on either end of cylinder 

5. Attach particulate filter to upstream valve 

6. Attach filter/cylinder assembly directly to the sample port 

7. Open both valves 1/2 turn 

8. Allow sample air to flow through sample cylinder (approximately I 0 L for a 500 mL cylinder) 

9. ·:close downstream valve of sample cylinder by hand tightening knob clockwise 

10. Allow san1ple cylinder to pressurize to process pressure (max 100 psig) 

II. Close upstream valve of sample cylinder and sample port 

12. Detach filter/cylinder assembly from sample port and remove particulate filter 

13. Replace brass caps 

14. Fill out sample cylinder sample tag 

15. Return sample cylinder in box provided 
- Unreturned sample cylinder charge of $650 each. 

16. Return sample media in packaging provided. Unreturned equipment charges: 
- $45 per particulate filter 

17. Fill out chain-of-custody and relinquish samples properly 

18. Place chain-of-custody in box and retain pink copy 

19. Tape box shut and affix custody seal (if applicable) across flap 

20. Ship accordingly to meet method holding times 
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Soil Vapor Sampling Work Plan 
Boeing Tract, Hazelwood, Missouri 

Appendix B 

Geoprobe® Post-Run Tubing System 

P:\3250035046_BoeingRFl\Vapor Sampling\TPH YaporSamplingWorkplan- Final3-7-05.doc 

March 7, 2005 
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PRT SYSTEMS 

PRTSystems 

Soil Gas Sampling Using the PRT System 
The PRTS)'srcm is rh<: mosT (.Ommorltcla)lin[; s:•~rern off~rc!d hy 
Geoprnb.e S[stcnu«l for soil g:1s "r.,m:, s:~mpling". [lft'f' stnnr!s fi:~r 
"p(Jsr mu tulaint\"· h'$ a simple- roo I ~ysrcm for soil gil£ sampling 
tll:1r :1llows rhc u~cr 10 1lriv:.: pmoo rods w depth, du:n ins~rc and 
connccr inner mbing for .mil r,ns .1:~mpling. Usint~ 311 inner mhinr, 
for .roil gas $.1mpling h:IS many ndvanragc:.~; rod l~k~gr. is 
diminarcd, tl~:~d. volume 1h:1t Hl\lfft bc purr,cd is r<:tluccd, and 
dccon Jlrublcrns ;trc n::tlut-cd :ts the ~ample dotos not -~omact r.hc 
rod bor~. One of th~ bigge;o;c aaiv:tncage~ of rhi~ sy.~wm i~ rim rhe 
\tJL!inr, 15 m:l in :lnd o;onn~-<:~cd lor ~mpliug ut'lo:r 1hc rods have 
Lcen uriven tu dCJ1lh; lh~rc is 11(1 ilccd to lilllllil!le lh~ tubillg :Uid 
maimain rhc r.onn::crion rlminr~ rhe l'lrivinr, procc,~s. 

l1RT nd~pre~:1r~ C(lmpnrihlc wid~ il V01ricry <If tubin:~ rypc~ ~Q 
mccc yom soil !folK .i:.mlplin~; rl"!\llir~m~Hl~. 

Drive Rods 

,, .. 
!, 

Insert 
Tubing, 

Rotate to 
connect 

': 

P4st·Dun Tllblng (PRTI connll<t~d 
fomll gas sampling. 

Sample 
Soli Gas 
Through 
To be 

Rod ~IJii~lpQd lrith ~ 
PRT p0~1t holder ~nd 
CXPliiL<Iabla pnlnt aro 
clrl•im to depth. 

Bi!Cotl) the rodure pulled 
bndi, g;u umpling:tltblng 
nnd a PRT acl~ptuur~ 
lnmted tluwn thi! rod boro 
•lnd <nnnected to tl1( point 
hold~r • 

lhar~ds arlf now puOtd 
b.ack (tqtJacttdJ 1nd l.On 
gas i1 s~mpwd tbrou!Jh th~ 
tuhillg. ~amplu do us nat 
<nntact til@ r!MI borl!. 

.--------:-----4 
The tools you'll need 1 
to perform soil gas sampling ; 
using NPost-Run" tubing 
(PRT). 

PRTTublng 
AdAptors 
St!c JJUyt! 7.6, S~lctt 
lh~ O)d~pli!r for your 
tubing ~~7.~. Thi> 
~d~pter is inserted 
dnwn the roo ah~r It 
hil~ b~n driven to 
depth. 

~ Staml•nd 
z · Probe Rods 

lin., l.251n., or l.Sin. 
Sue ClllliltCr 2. 

Pltl' Pl!l!it HQidcrs 
and Point$ · 
Sl:a: pllf.1!1 'l.S. A 
l)l,llliOOr or points 
ilnd holdors nrq 
ovnllnblc to ~ult 
your uppll(~tlon. 

b:pend~blo drlv~ points tor 
PRT 50il 9111 sampling. 

lieoprobe s,ystems" 



P R T 

PRT Soil Gas Sampling Tool <:onticgurations 
Our most popular configurations . .. 
Ccop1obe S~tcm.~"' elfers bnrh expendable ruul reuncmbl~ point sysrerns fur PRT ~oil g3S s:~mplin!;.- However, CKpendah!c point 
systems arc hy far th(!" mosr commonlr used. This is due to theh· sirnplici[}~ d.epcnd;lbility, c:a:;c of use, nml minim:U dcconmmin~1ion 
rcttuirc:mcut:<. Using d11.~ (~lnilcur.ttion.l $hown bckr.\·, the drive pohli i~ lost to the soil ,~h~.n rhc probe r<ld is rctracrcd. In uormal 
opcr.alioru th:! probe rod is inilially rcmu:tc-d 11 shoH dist:lnce, typically 6 in. (I SO mm). In mnisr, fim: Jlnlinccl soils d\ar do not lc;tdily 
~·ield ~oil [::.Ill sampl~.s, 1hc proh: t-ods can be furdu:r rel!L\Cro:d unrll n roil 1;as yiclclillg zone is exposed. Note the H.!e ofO·rlng.> on all 
points :tnd point holders! This is;~ must for .~uca::;~ful ooil gas s:lmpling. 

1.2S i11. Probe Rod 

PRT ~ciulaillu 
l'lllni lloldar 

for lJSif1,9rob~llad' 
rRu1S 

EKPff~il!)l~ 
Dllve 'olnl 

liTH OJ 

~ll4ftl. 

PRTSolliGosSnmpllngPor s , · 

Poin~ Holders 

1.5 rn,!?roboAIKl 

l!daJIIcr ,......_.&..J.t 
1.5111. pill to 1.l5ln.bo~ 

lSRl2 

PRJ h~ondnbft ! 
r?oh1t lloldet 

for 1.2S ln.ProboRodl 
Pll1215 

EII)ICNldabla ~ 
Orivt Polnr· 

ATl4or 
ATHAL 

Pl~13ll ............... flRT l!xpendablc Point Holder, threaded, for Hn. Hod 
PR1215 ..... ~ ...... I'IW t:xpcndablc Point Holder, thrt!adeel,for 1.25-in.ltod 
PR131l .. M ........... O·rings for Pni3B Expcnclilble Point Holder, Pkg; of25 

Points 
AT14 .. ~.M ...... ~ .. Expendilhlt? Drive Points, ~iteel 
AT'14Al ............. Expendnble Drive Points, 1\luminum 
A1'l4R -·-·M ... ~ .. O·rlng:; for Expendable Dl'ive Points, Pkg. t.Jf 25 

Rod lldapter 
15812w ....... M .... Adaptc!li 1.5-in. pin to 1.25·il'l. box 

......... , \J-rings for 1.25 in. Probe A<lds, Pkg. of 25 
................ O.rings for 1.5 in. Probe Rods,Pkg.uf25 

1.0 in. Probtt Rod 

PRT Expand~bfa 
Paillt llol~or 

fu 1.0 ln. Prob& Rod~ 
PRHB 

&;pondal!le 
DrlvtPolut 

1•114 or 
"Ttm 

P1eparin9 to drive a 1.25 ln. rod equipped wlih a l'llT polnl 
hold!r and expendable cbiv! point, 
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lOll uas ::>ampnng 
PRT SYSTEMS 

~ 

Selecting and Using a PRT Sldapter 
l11e PRT Ad:~pt<:l" i5 ~ $imple d~:"o-icc rhar is sized to be press fit imu a polymer tul.!ing 1m 
{Ill~ end, ;md 1hc-n llul".m.l~;<l {.~.~r't:wc.l) inrc1 The Top (if rhe poinr holder or rhc orhcr end. 
"l'ltr~ st;~mls fot "f>(IS!•Wii nthinr,", rhi.~ ;11c:m5 rh~r fhc ruhing and :ad:&prcr i$ inserted 
int{!Jhe rod bore afrc:r the: rods lmve been dri\oen to rh~ir final $3.1Tlpling depth .. You do 
not haw to m;u1~~e tuuiug ;~s the rods ;~m bcin~: dn\'t:ll, 

All PRT ~dajHcr.s arc.: Jefc·hand threaded and must be rmau:d roumcr-docl..·wise co cr~gagc 
rhe point holder t!u-eads. !'RT 0-rilliJS :ue soft, 11llowing rhc adaprcr ro SC<ll with min inial 
for!e. 

PRT ADAPTER 
and PAI!r NlJMUE.H 

PR2SH 
O•Ring for all Pin· Adapters 
(pa~:kof 25) 

I I . e ' ' 
RECOMM~NDED 

TUiliNG 
SIZE 

1/0.In.I.D. 
(3.2 mm 1.0.) 

0.171n.I.D. 
(11.3 mm 1.0.) 

3/16 fn.I.O. 
(4.1lmmi.D.) 

1/4 in, J.D. 
{Mmm J.D.) 

S/16lu.I.D. 
(7.9mmi.D.) 

@ 

I , 

© 

GEOPROI!E"' 
ll.JOING 
Pt\RT~O. 

TB12T 
Teflon• 

TU17L 
LDJII: 

TU17T 
Teflon" 

Ttl251. 
LOPE 

TB30T 
Teflon• 

0 

PRT Adapter oruoll ga1 sampling tubing 
r~lld~ to b~inJ~ttdin~odi. 

TUBING INTERNAL 
VOLUME 
(mUll) 

2.41 

4,4() 

5.43 

9.65 

15.06 

oo NOT£: The ~orprion clmraC(c:ri.$tics of 
C(n~la tul.!iuif> m:t}' nor permit their usc 
in ~til soil gus ~ampliug :~pplic:uions. TB17T Tll17t.. TI317T T£l2SL TB30T Tll37L 

~ 
Teflon• 

D D Don 
I.OI'E Teflon· LOPE Teflon• LOPE 

Tubing Sizes, Materials, and Specifics detailed on pg. 7.l5. 

Geoprobe Systems" 
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Soil Vapor Sampling Work Plan 
Boeing Tract, Hazelwood, Missouri 

Appendix C 

Purge Volume Calculations 

P:\3250035046 _BoeingRF!\Vapor Sampling\TPH VaporSamplingWorkplan- Final3-7-05.doc 

March 7, 2005 

#MACTEC 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Purge- Volume Calculations 

Total Purge Volumt~ = Tubtng Volume+ Pull Back Void Volume+ 20 mL 

1. Tubing Volume for 1/8·lm:h Inside Diameter Tubing 

Volume = n x ~ x h, where: n ::; 3.14, r = inside radius of tubing, and h =length of tubing. 
For r in inches·and h in feet: Volume in mL (cubic centimeters)= 3.14 X r X h X 196.64 

Length Volume l Length. I Volume Length Volume 

(feet) (mL) (feet) (mL) (feet) (mL) 

1 2 19 46 37 89 

2. 5 20 48 36 92 

3 7 21 51 39 94 -4 10 22 53 40 96 --5 ' 12 23 55 41 99 
6 14 24 58 42. 101 

7 I 17 25 60 43 104 . 
8 . 19 26 63 44 106 . 
9. 22 27 65 45 108 -10 24 28 67 4G 111 -11 27 29 70 47 113 . 
12 29 __ 30 72 48 116 
1j 31 31 75 49 118 

14 34 32 77 50 121 
1G 36 33 80 51 123 
16 : 39 34 82 52 125 . -17 41 35 84 53 128 
18 43 36 87 54 130 -· 

2. Void space behtncl tip ba!~ed on pull back 

. Volume= rr X r X h, where: n = 3:14. r =inside: radius of tubing, and h =length of lUI:>Ing. 
The table belo~,ov was calculated based on rod/Up outside diameter o1 3 em, 
Tip shafVrod inside diameter not Included in calculation 

Pull Back Votunio Pull Back Volumet 

lnchos em cc or mb Inches £!!! cc or ml 
0.5 1.27 9 5.5 13.97 99 
1 2.54 18 6 15.24 108 

1.5 3.81 27 6.5 16.51 117 
2 5.08 -36 7 17.78 126 

2.5 6.35 45 7.5 19.05 135 
3 7.62 S4 8 20 . .32 144 

3.5 8.89 63 8.5 21.59 153 
4 10.16 72 9 22.86 162 

4.5 11.113 81 9.5 24.13 170 

u 
} Pult Back 

\1 
5 12.7 90 10 25.4 179 
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Soil Vapor Sampling Work Plan 
Boeing Tract, Hazelwood, Missouri 

Appendix D 

Vacuum Testing Procedure 
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Green Sefvices, I nc1 
Geoprobe® Soil Gas Sampling 

Prior ro the introduction o:fPost Run Tubing (PRT) soil gas sampling there were le-'is 
effective ways to coUect soil gas samples witl1 a Geoprobc®. An expendable point was 
driven to the samJ}liJ)g depth and detached by withdrawing the drive rods far enough to 
create an opening for gas to move into the drive rods from ihe base ofthe hole (this has 
not changed). Then soil g:is samples were withdrawn by attaching tubing to the lop of 
the drive rods and applying a vacuum. The large in!lide diameter (U)) of the drive rods 
required a large purge volume, and produced samples that were not uniformly 
representative of contaminant concentrations in the subsurface. SmaJl ID tubing \Vas 
ucctlcd to reduce the purge: volume> and was inl!orporated into th1~ s~unpling system with 
an innatable packer to provide the seal at depth and insure the collection of representative 
samples•. The packer syst~m functioned well~ however it was cumbersome in the field, 
nnd had problems with car:ryover coutaminution nnd possib1e leaks in the pressurized 
system. 

Wltcu Oeoprobe® introduced Lhe PRT system there was doubt that the seal created with 
(.\ ~~Tl 
,., ~:ocl' 
I.IHo~nPotbo•llOd ~ 

' r.c. 

r 
J 
I 
I 

PRI (•p~•••.nlt~ Jj_ 
f4flltlloldtl w 
lk1ll•10tll ~: 
t.ob•-.,4t , •... 

-·· I 
I 
I 
I 

hjl~lld~~lt 8 
t•l•• r~;~r ~ 

the O·ring was reliuble. A test was designed and repeated 
to detcm1inc the reliability of the seal. A drive rod wus 
attached to the point holder~ and a PRT adapter wi.th tubing 
wns assembled und installed, us if t<1 collect a srunplc (as 
show11). Tho annular space betweert the tubing and drive 
rod ro was then filled with wnter. A vacuum was then 
npp1icd to the tubing (as if collecting a sample), und even 
with the open end of the point holder blocked (where soil 
gas \VOUld enter the system to fill tht: vacuum), no water 
was forced through the> 0-dng seal. 

On site this test can be repented without thu witter. The 
assembled system will be sealed (open end of the polnt 
holder blocked) nnd a vacuum applied with u syringe; 
When the syringe is released, any gases leaked will displace 
Lhe syringe plunger from its odginal position. Close 

attention to detail will be needed whctt performing this test to prevent leakage of llir into 
the system from the blocked end of the point holder, and not to exc:ccd reasonable 
vacuum l~vels thut are used to collect samples. 

Powenfil Tools 6-:periencec/ H;;m:/s 
G~een 5ei'Vices, Inc. PO Box 929, Bel Air, r-.·!D 21014 Phone 410-836=5581 Fax 410·836-5981 
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Soil Vapor Sampling Work Plan 
Boeing Tract, Hazelwood, Missouri 

Appendix E 

NIOSH Method 1550 
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NAPHTHAS 1550 

Table 1 MW: Table 1 CAS: Table 1 RTECS: Table 1 

METHOD: 1550, Issue 2 EVALUATION: FULL Issue 1: 15 February 1984 
Issue 2: 15 August 1994 

OSHA : Table 1 
NIOSH: Table 1 
ACGIH: Table 1 

PROPERTIES: Table 1 

SYNONYMS: Petroleum ether (benzin), rubber solvent, petroleum naphtha, VM&P naphtha, mineral spirits, Stoddard solvent, 
kerosene (kerosine), coal tar naphtha. 

SAMPLER: 

FLOW RATE: 

VOL-MIN: 
-MAX: 

SHIPMENT: 

SAMPLE 

SAMPLING 

SOLID SORBENT TUBE 
(coconut shell charcoal, 100 mg/50 mg) 

0.01 to 0.2 L/min 

1.3 L@ 400 mg/m 3
; 0.2 L@ 2500 mg/m 3 

20 L@ 400 mg/m 3
; 3.2 L@ 2500 mg/m 3 

routine 

STABILITY: at least 1 week@ 25 •c 

BLANKS: 2 to 10 field blanks per set 

BULK SAMPLE: required; 5 to 10 mL 

ACCURACY 

RANGE STUDIED: see EVALUATION OF METHOD 

"BIAS: see EVALUATION OF METHOD 

OVERALL PRECISION (S,T): 0.05 [1) 

ACCURACY: see EVALUATION OF METHOD 

MEASUREMENT 

TECHNIQUE: GAS CHROMATOGRAPHY, FID 

ANALYTE: naphtha hydrocarbons 

DESORPTION: 1 mL CS2; stand 30 min 

INJECTION VOLUME: 5 iJL (packed column); 0.1 to 1 iJL 
(capillary column) 

TEMPERATURE-INJECTION: 
-DETECTOR: 

200 to 250 •c 
250 to 300 ·c 

CARRIER GAS: 

COLUMN: 

CALIBRATION: 

RANGE: 

-COLUMN: 50 to 250 ·c @ 8 "/min 

N2 or He, 30 mL/min 

glass, 3 m x 6-mm, 10% SP-21 00 on 
Supelcoport 80/100 or 30-m fused silica 
capillary, 0.325-mm ID, 1.0-!Jm DB-1 or 
equivalent 

solutions of bulk naphtha in CS 2 

0.5 to 10 mg per sample [2,3,4) 

ESTIMATED LOD: 0.1 mg per sample 

PRECISION (S,): 0.01 [1) 

APPLICABILITY: The working range is 100 to 2000 mg/m 3 for a 5-L air sample. This is a general procedure for analysis of 
various types of hydrocarbon mixtures called "naphthas" which are used as thinners in paints and varnishes and as genera I 
purpose solvents. 

INTERFERENCES: Most naphthas are quite complex. The components elute over a wide temperature range by gas 
chromatography, making interferences from other substances possible. Columns and conditions must be chosen to obtain the 
desired degree of separation for a given mixture. 

OTHER METHODS: This method combines and replaces Methods S86 [2), S380 [3) and S382 [4]. A similar method appears 
in the criteria document [5]. 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 



NAPHTHAS: METHOD 1550, Issue 2, dated 15 August 1994- Page 2 of 5 

REAGENTS: 

1. Eluent: Carbon disulfide*, chromatographic 
quality, containing 0.1% (v/v) octane, 0.5% 
(v/v) hexadecane or other suitable internal 
standard. 
NOTE 1: Use an internal standard which is 

not a major constituent of the 
sample. 

NOTE 2: Use toluene in place of carbon 
disulfide for low-boiling analytes 
[5]. 

2. Naphtha bulk sample. 
3. Nitrogen or helium, purified. 
4. Hydrogen, prepurified .. 
5. Air, filtered. 

* See SPECIAL PRECAUTIONS. 

EQUIPMENT: 

1. Sampler: glass tube, 7 em long, 6-mm OD, 4-
mm ID, flame-sealed ends, containing two 
sections of activated (600 oc) coconut shell 
charcoal (front = 100 mg; back = 50 mg) 
separated by a 2-mm urethane foam plug. A 
silylated glass wool plug precedes the front 
section and a 3-mm urethane foam plug 
follows the back section. Pressure drop 
across the tube at 1 Umin airflow must be 
less than 3.4 kPa. Tubes are commercially 
available. 

2. Personal sampling pump, 0.01 to 0.2 Umin, 
with flexible connecting tubing. 

3. Gas chromatograph, FID, integrator and 
column (page 1550-1). 

4. Vials, glass, 2-mL, PTFE-Iined crimp caps. 
5. Syringe, 10-IJL (1-I..IL syringe for capillary 

columns) and other convenient sizes for 
preparing standards, readable to 0.1 IJL. 

6. Volumetric flasks, 1 0-mL. 
7. Pipet, delivery, 1.0-mL, with pipet bulb. 

SPECIAL PRECAUTIONS: Carbon disulfide is toxic and an acute fire and explosion hazard (flash point 
= -30 °C); work with it only in a hood. 

SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line. 
2. Break the ends of the sampler immediately before sampling. Attach sampler to personal 

sampling pump with flexible tubing. 
3. Sample at an accurately known flow rate between 0.01 and 0.2 Umin for a total sample size 

which contains between 0.5 and 8 mg naphtha. 
4. Cap the samplers with plastic (not rubber) caps and pack securely for shipment. Ship a bulk 

sample (5 to 10 mL) in a separate container from the sorbent tubes. 

SAMPLE PREPARATION: 

5. Place the front and back sorbent sections of the sampler tube in separate vials. Discard the 
glass wool and foam plugs. 

6. Add 1.0 mL eluent to each vial. Attach crimp cap to each vial. 
7. Allow to stand 30 min with occasional agitation. 

CALIBRATION AND QUALITY CONTROL: 

8. Calibrate daily with at least six working standards over the range 0.1 to 10 mg naphtha per 
sample. 
a. Add known amounts of naphtha bulk sample to eluent in 1 0-mL volumetric flasks and dilute 

to the mark. 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 
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NAPHTHAS: METHOD 1550, Issue 2, dated 15 August 1994- Page 3 of 5 

b. Analyze together with samples and blanks (steps 11 and 12). 
c. Prepare calibration graph (ratio of peak area of analyte to peak area of internal standard vs. 

mg naphtha). 
Determine desorption efficiency (DE) at least once for each batch of charcoal used for sampling 
in the calibration range (step 8). Prepare three tubes at each of five levels plus three media 
blanks. / 
a. Remove and discard back sorbent section of a media blank sampler. 
b. Inject a known amount of naphtha bulk sample directly onto front sorbent section with a 

microliter syringe. 
c. Cap the tube. Allow to stand overnight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
e. Prepare a graph of DE vs. mg naphtha recovered. 
Analyze three quality control blind spikes and three analyst spikes to insure that the calibration 
graph and DE graph are in control. 

MEASUREMENT: 

11. Set gas chromatograph according to manufacturer's recommendations and to conditions given 
on page 1550-1. Inject sample aliquot manually using solvent flush technique or with 
autosampler. 
NOTE 1: The columns and conditions given provide moderate to good separation of 

components. If less resolution is needed, use shorter, less efficient columns as 
were used in validation of Methods S86 [2], S380 [3] and S382 [4]. 

NOTE 2: If peak area is above the linear range of the working standards, dilute with eluent, 
reanalyze and apply the appropriate dilution factor in calculations. 

12. Measure peak area. Divide the peak area of analyte by the peak area of internal standard on 
·the same chromatogram. 

CALCULATIONS: 

13. Determine the mass, mg (corrected for DE) of naphtha found in the sample front (W f) and back 
(Wb) sorbent sections, and in the average media blank front (B f) and back (B b) sorbent sections. 
NOTE: If Wb > W/10, report breakthrough and possible sample loss. 

14. Calculate concentration, C, of naphtha in the air volume sampled, V (L): 

. c = c w, + wb - s, - sb ) . 1 as Q/ 3 V , m m. 

EVALUATION OF METHOD: 

Methods S86 (Naphtha, Coal Tar), S380 (Petroleum distillate) and S382 (Stoddard Solvent) were issued 
on March 14, 1975 [2,3,4]. They were validated at 24 oc and approximately 755 mm Hg using 10-, 4-
and 3-L air samples, respectively, of 2-50-W Hi-Flash Solvent (Neville Chemical Co.; BP 154 to 195 oc; 
d 0.893 g/mL), VM&P Naphtha (Amsco Product 1101; BP 120 to 147 oc; d 0.743 g/mL) and Stoddard 
Solvent (Fisher Scientific Go.; BP 159 to 176 oc; d 0.774 g/mL) [1]. Overall precision and recovery 
were as shown below, representing a non-significant bias in each method. Breakthrough tests in dry air 
showed a capacity of 20 to 25 mg of each solvent tested. Capacity at high relative humidity was not 
determined. 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 
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S86!bl 
S380(a) 
S382!bl 

NAPHTHAS: METHOD 1550, Issue 2, dated 15 August 1994- Page 4 of 5 

Overall Range Studied 
Precision ( s,T) Bias Accuracy mg/m 3 mg per sample 

0.051 5.99% ±15.0% 193 to 809 2 to 8 
0.052 -4.37% ±12.5% 937 to 3930 4 to 16 
0.052 -3.10% ±11.4% 1417 to 5940 4.5 to 18 

Avg. 
DE 

0.88 
0.96 
0.95 

NOTES: (a) Data based on experiments using an internal standard method with a 10ft., 1/8" 
stainless steel column packed with 10% OV-101 on 100/120 mesh Supelcoport. 

Ref. 

[1,2] 
[1,3] 
[1 ,4] 

(b) Data based on experiments using an internal standard method with a 6ft., 1/8" stainless 
steel column packed with 1.5% OV-101 on 100/120 mesh Chromosorb W. 

REFERENCES: 

[1] Documentation of the NIOSH Validation Tests, S86, S380, S382, U.S. Department of Health, 
Education, and Welfare, Publ. (NIOSH) 77-185 (1977). 

[2] NIOSH Manual of Analytical Methods, 2nd ed., V. 2, Method S86, U.S. Department of Health, 
Education, and Welfare, Publ. (NIOSH) 77-157-B (1977). 

[3] Ibid, V. 3, S380, U.S. Department of Health, Education, and Welfare, Publ. (NIOSH) 77-157-B 
(1977). 

[4] Ibid, S382. 
[5] Criteria for a Recommended Standard ... Occupational Exposure to Refined Petroleum Solvents, 

U.S. Department of Health, Education, and Welfare, Publ. (NIOSH) 77-192 (July, 1977). 

METHOD REVISED BY: 

Ardith A. Grote, NIOSH/DPSE; S86, S380 and S382 originally validated under NIOSH Contract 
CDC-99-7 4-55. . 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 
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I. 
NAPHTHAS: 

I 
Table 1. General information. 

Exposure 

l.imi1§._~ .I, NAME 
OSHA 

CAS# 
Predominant 

RETECS 

I 
Hydrocarbon Species 

Petroleum ether (a) 

8032-32-4 

lr 016180000 

Rubber solvent (a) 

I SE7449000 
8030-30-6 

'I 
Petroleum naphtha (b) 

(Petroleum distillates mixture) 

8002-05-9 

I 
SE7449000. 

VM&P naphtha (a) 

8032-32-4 

I 
016180000 

Mineral spirits (a) 

I 
8052-41-3 

WJ89250000 

I 
Stoddard solvent (a) 

8052-41-3 

WJ8925000 

I Kerosene (a) 

8008-20-6 

,I OA5500000 

Coal tar naphtha (b) 

I 
I 
I· 
I 
I 
I 
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Boiling 
NIOSH 

Range (•c) 
ACGIH 

Vapor 

Pressure, kPa 

(mm Hg) @ 20 •c 

13 (100) 

(13 ·c) 

(c) 
2000

1
(500 ppm) 

5 (40) 
2000 (500 ppm) 

0.3 to 3 (2 to 20) 

0.2758(2) 
2900 (500 ppm) 

0.2758 (2) 
2900 (500 ppm) 

(c) 

<0.7 (<5) 
400 (100 ppm) 

Liquid Density 

(g/mL@ 15 •c) 

0.63 to 0.66 

aliphatic 350; C 1800 

0.67 to 0.85 

aliphatic 350; C 1800 

1590 (400 ppm) 

0.6 to 0.8 

350; c 1800 

0.72 to 0.76 

<20% aromatic350, C 1800 
1370 (300 ppm) 

0.77 to 0.81 

<20% aromatic 
350; c 1800 
525 (100 ppm) 

0.75 to 0.80 

<20% aromatic 
350; c 1800 
525 (100 ppm) 

0.8 

<20% aromatic 
100 

0.86 to 0.89 
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8030-30-6 

DE3030000 (NIOSH) 

(a) As defined by NIOSH Criteria Document [5]. 
(b) As defined for OSHA PEL. 
(c) Not available. 

NIOSH Manual of Analyatical Methods (NMAM), Fourth Edition, 8/15/94 

aromatic 
400 (100 ppm) 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 

:1 
I 

I 

I 
I 
I 
I. 

I 

:1 
I 
I 


